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Abtiraci 


Th« iDflutDC* 00 • Bodol - fonorotod Joouorjr cllooto of 
voriouo lurfoeo boaodory eeodltioni.oo ««11 loltlol coodtllono, 
fcof booD otudiod by utlog tbo CIBS cooroo-otob cllooto oodol. 

Poor oiporloooto - too with votor ploeota, ooo vltb flat 
contloTOto. ood ooo vftb ooudIaIdo - voro ooad to lovootlgoto 
tbe offocto of loltlol voodltlooo , ood tbo thorool ood dyooolcol 
offocto of the aurfoca on iba nodal gaoar otad-c 1 loota . Hoaavar, 
c 1 1 mo t o 1 og 1 CO 1 mean toool - ayooatr Ic aao aurfoca tamporotura (BBT) 
lo ui«d In oil four runs ovar the modal ocaono . Moreover , taro 
ground vetnasB and uniform ground albedo eicept for onov ore uvad 
In the lost too axperlments. 

Knaembla meant and ttalr dlfferancat oere uoad for aval nat- 
ion. The Btatlotlcal algnlflconca of the raoulta ocfra determinad 
by uilng the atudent’t t-teat. In addition, apherlcal harmonic 
analysis was employed for further comparlaon. 

Initial conditions appear to represent a minor problem In 
climate simulation. If the first fee months of the model-generated 
climate are discarded 

The addition of continental surfaces results In a strong 
thermal Influence In the lower troposphere together with mass 
exchanges between continents and oceans. 

With the orography included In the last run. the model 

produces both beneficial and detrimental effects as compared with 

* 

the observed climatology. 


Introduction 


Ao dlocutnod by Spor (1981) .gonoral circulation nodola 
(CCU'b) including tbo CISS coarae-meab (BilO dogroon) clinatc nodal 
(Hannan, at a 1 . , 1 BBO ) , ara oftan unad to parform "praneribad cbanga" 
eiparinanta in abicb tbe atnoapbaric racponae to aona altaration 
in Bolar radiation, aurface boundary conditiona ,or atnoapbaric 
conpoaltion la c a 1 cu 1 a tad . I n aucb oxpar inanta , tbe apecifiad cbanga 
ia usually aome perturbation of tba basic constraints on iba syatam 
and tbe computed response of tbe model may be weaker than tbe 
background noise. 

Tbe analysis of these experiments would undoubtedly be 
aided by a better understanding of tbe ways in wbicb tbe primary 
climatological controls combine and Interact to generate tbe 
basic climatic state It is also of interest to examine tbe 
influence of initial conditions on tbe model climate simulations. 

Using both space and time averaging of tbe model's output 
In tbe analysis ,we may learn bow certain characteristics of the 
large scale motion depend on surface c on d i 1 1 on s , e ve n though tbe 
model contains certain defects. 


There are still many fundamental questions in general 
circulation theory ,e.g.: What is tbe role of tbe semi-permanent 
centers (polar cyclones and subtropical anticyclones) ? Why are 
they located where they are ? How are tbe strengths and positions 
of the mean planetary waves and Hadley cells affected by the 








dltirlbuilon of mountoioo and land 7 Ho* do the tropoapber* and 
Btratoapbere reapond to auface condltlona in general? 

Numerical climate model* provide a tool that may help 
to anaver tboae queatlona In fact, many numerical eiperiment* 
have been performed to improve our under atand ing of tbe theory 
of tbe general circulation in tbe lent t«o decade*. For exr.mple. 
Kaaabara and Waablngton (1971) and Manabe and Terpatra (1974), 
have carried out numerical simulation* to evaluate tbe thermal 
and dynamical effects of orography on tbe general circulation of 
tbe atmosphere. Of course, there are limits on ho* well the GCli can 
imitate the real world but It la of interest to investigate tbe 
GISS climate models* response to the various kind of surface condi- 
tions. 

In this study. an attempt is made to compute tbe contributions 
of various surface boundar> conditions to tbe monthly mean states 
generated by tbe 7- layer. BxlO GISS climate model( Hansen et.,1960). 

For the purpose of the study. such obvious climate controls 
as tbe shape and rotation of the earth, the solar radiation, and the 
dry composition of the atmosphere are fixed, and only the surface 
boundary conditions are altered in the various climate simulations. 



Model deecrlplioB 


Tbe GISS Bodel of the global atnoapbere le a 
ibree-dlBeDaloDal priBitive equation nodel using spberlcal 
geometry. Tbe model numerically solves tbe simultaneous 
equations for conservation of mass . energy . and momentum, 
and tbe equation of state. Tbe numerical differencing 
sebemes for tbe dynamics are based on tbe work of Arakava, 
vitb a time step of IS minutes. Radiative beating end 
cooling are computed vltb a semi - 1 mpl ici i spectral 
integration vbicb is accurate throughout the tropospher«» and 
EtratoEphere and includes all significant atmospheric gases, 
aerosols, and cloud particles. Cloud cover is computed by 
tbe model. Convection mixes moisture, sensible beat, and 
horizontal momertum in the vertical direction based on a 
model which permits penetration to an arbitrary height. Tbe 
ground temperature is computed with a method which provides 
realistic simulation of both tbe diurnal variation of 
temperature and seasonal heat storage. Ground moisture is 
computed with a two layer model; the wetness of the upper 
layer responds rapidly to evaporation and precipitation 
while tbe deeper layer has a water bolding capacity 
appropriate for the root zone of the regional vegetation. 
Snow depth is computed over land and ice w^tb a simple mass 
budget model. Fluxes of sensible heat, moisture, and 
momentum between the surface end atmosphere are obtained 
from a drag-law formulation vbicb employs a parameterization 
of the Mon i n - Obukhov similarity functions. Sea surface 
temperature and sea ice coverage are specified seasonally- 
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varyloc bouadary cooditloDS. 

The model ueee a grid of 24 polnta of latitude by 36 
polnta of longitude, or about 6 x 10 degreea. Thin ucarne 
borizontal resolution results in computing times an order of 
magnituue less than normally emp!oyed in general circulation 
models, allowing simulations of long time per.ods. To 
cofflpensa..e for the great '*istauce between grid points, the 
specified surface condition f^ir each grid point represents 
appropriate fractions of land and ocean. Interactions 
between the surface and the atmosphere (radiation, momentum 
transfer, and latent and sensible heat fluxes) are computed 
separately for each surface type. 

The seven vertical layers use a sigma coordiUote, so 
that the ground is a coordinate surface. The top of the 
dynamically active portion of the atmosphere is fixed at 10 
mb; the atmosphere above is radiatively interactive with the 
lower levels, with the temperature profile above 10 mb 
determined by radiative equilibrium. 

The CISS climate mo de 1 ( ve r s i on 660) is used to run four expe- 
riments in which the dy n am i c , r ad i a 1 1 on . an d condensation routines 
use about 40%. 30%. 12% respectively of the total computing time. 

It takes approximately 2 hours of c.p.u time on a 360/95 IBU 
com.'Uter for a monthly simulation. while the surface routine 
consumes only from 3-4% of the computing time. 

It is already well known that the model's surface temperature 
is too high in the summer hemisphere and too cold in the winter 
hemisphere over the continents. 
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EiperlncDls and < jrpoi* 


I 

Fovr perpetual January cxperlaenta were carried out 
ualng tbe CISS coarae neib aodel.Tbe aodel la operated at ’ fixed 
aolar dec 1 innt i on , apec if leal ly that of January 15. initialized on 
January 1 and allowed to alaulat* either 15 or 25 auceaaive Januar- 
lea without going through the annual eye le . Fur tberaore . the resulta 
Ilf tbe firat 2 montba of tbe firat two experiaenta and the first 5 
Bonths of tbe last two runs are discarded as transients. 

(1) Water planet experiment (run 1). 

Tbe first run is with a simple surface boundary condition with 
no land or continents .but with sea ice caps (3b thick) over the 
Arctic and Antartlc. A fixed set of zonally uniform sea surface 
t e E pe r a t u r e ( S ST ) at each grid latitude is prescribed by zonal 
averaging of tbe c 1 1 m a 1 o 1 og 1 c a 1 Dontbly mean SST for January. 

Tbe model is initialized with monthly mean zonal 
values of tbe atmospheric history variables, including winds., 
taken from an earlier 5-ycar model climate simulation (Cbrls- 
tidis and Spar, 1981) except for tbe surface pressure which Is 
assignea a globally uniform initial value of 1010 mb. Tbe model 
is run for 15 Januaries. 


1 Six experiments have been conducted. This paper describes tbe 
first four experiments. Tbe effects of surface physics and 
zonal asymmetry of tbe SST on tbe model generated climate ere 
discussed by Coben (1961). 
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(II) Water plaoei experimeDi (run 0) 

The eecond ruo uses ib«! sene surface bouodary cooditions 
as run 1 .but different initial condtions. The model is 
initialired with globally uniform mean values of sigma level 
specific humidities and temperatures , as well as a constant surface 
pressure (1010 mb) end zero wind. This is referred to as a 
*' spin up " experiment. The model is again run for IS 'anuaries. 


(Ill) Flat continents experiments (run 2 ) 

The third run is a step closer to the real world by 
superimposing geographically realistic but topographically flat 
continents on the water planet with zero elevation above sea level, 
uniform roughness length (0.3 m), zero water storage capacity, 
anf* uniform surface albedo (0.14). The zonal distribution of 
sea ice and SST remain unchanged over the oceans. The initial 
co'aditious are the same as the water planet spin up experiment, 
and the model is run for 25 months. 


is 




(IV) Mountains experiment (run 3) 

The fourth run is with a relatively realistic smooth 
topography in the model. The ground albedo is still kept uniform 
over the continents, except where snow is calculated , and the 
water storage capacity in this mountain run is also zero. 

The model in this case is initialized not only with a state 
of rest, but also with completely dry isothermal atmosphere (273 K) 
so that the model takes some time to generate its own humidity 


and temperature distributions. The run is for 25 Januaries. 


By 4iff*r*DclBc tb« t*e *ai*r plaaai •Btaabl* ■•bbb of 
borixoBial ao4 vortical fiolda. *e caB ovalBato boo Bocb tbo 
iBitial COBditiOBB iofiueocoil tbo BOdOl ellBBtO. Nozt. tbo OBSOfflblo 
Boao dlfforoBco botvooB 'flat eoBtlBOBta* aad 'oator plaBot*. 
oblcb aro baaod ob Idootleal iBitial ooBdit.'oLV .roproaoota 
tbo ioflueoeo of tbo flat laad aurfaco oo tbo sodol cliBatc, 

Finally tbo ‘ Dountaio ‘ ruo Bloua * flat eootiooota * ruo 
roflccta tbo rolo of topography on tbo Bodol-gonoratod clinato. 

Uetbod of dale analyala 


Tbo borizontal fiolda that vo bavo uaod for analywia aro 
divided into two parts Part i ineludes tbo borizontal mapa of 
500 millibar (mb) beigbt (G500). sea level proaaure (SLP), tbe mean 
temperature in tbe layers between 1000-650 mb(TlO-e) and 650-700mb 
(TB"7), and the surface air temperature (SAT). In part ii , the 
sensible beet flux, evaporation, low cloud cover and precipitation 
are shown. In addition, meridional cross sections of zonal means of 
temperature and tbe three components of tbe winds are illustrated. 

To supplement tbe subjective analysis of these fields, the 
spectral components of the first three borizontal maps of part i 
listed above are examined using the method of spherical harmonic 
analysis described in Cbristidis and Spar (1961). Tables 1 and Z 
list tbe degree (n) end order (m) of tbe ten leading harmonics (with 
the exception of tbe 0.0 component, which represents tbe global mean 
value ) of SLP. C500 and llO-O for runs 1. 0. 2. and 3. For tbe 
n.m-th harmomic. m is tbe zonal (longitudinal) wave number. while 
n-m represents the number of nodal parallels. Also tabulated are 
tbe amplitude (A), in physical units, and tbe phase angle (b). in 



d*cr««t. of oocb boraoolc. 

Ai lo Cbtrvin ( 1880a, b ) . tb? reaulia ara aoalyzad by 
cooputlBg .for aacb axper iaont . oDaoBbla Boana and ootaBbla atandard 
doviationa of tba 13 or 20 Januarloa. Tbaaa atatiatlca aro tbao uaad 
to calculata .alib tbo ataodard atudoot’e t-taat, tba coofldanca 
lavala at ablcb tba aoavabla aaana of aacb pair of aipariaanta can ba 
Judged to ba a i go 1 f 1 can t ly diffarant. Por datalla and daflnitiona, 
aea Coban (1861). 

Contour aapa and or o a a - aec t i on a of algnificanca laval ara than 
plotted »ltb contour lines of .01, .08 . and aultlplaa of 0.10. On 

tbeae aapa and cr o a a - ae c 1 1 on a , large continuoua area* where the 
differencea between tbe enaemble meana are aignlficant at tbe IX 
level appear aa clear .-i jaa. and areas where tbe difference are 
not Bigniflcant i.e. .where the "signal” cannot ba seen through tbe 
"noise", are generally covered with closely spaced contour linea 
in multiples of .10. In a few cases .small clear areas appear in 
regions that show no statistically significanl difference, necess- 
itating numerical labels on tbe contour lines. 

Tbe naps and cross-sections of significance levels should 
be examined in conjunction with the maps of differences between 
ensemble means, since there can , of course .be no statistical 
significance where the means are exactly equal. Statistical signi- 
ficance is a result of a difference between two ensemble means that 
la large compared to tbe ensemble standard deviations: therefore, 
there can be some cases where differences too small to be physically 
interesting are nevertheless statistically significant, and some 
cases where very large difference are not significant. 



Table I 

CoaparlaoB of doaiBaai apbarleal baraoBle eoapoBOBlB 
(I toBt for dotallB) 

laa-lovol proBBBro (ab) 


roB 1 

a .a A 


run 1 



ruB 0 

a. a A 


ruBt 

B . a A 


4.0 

0.0 

100 

4.0 

0.0 

100 

4.0 

10.0 

100 

0.0 

7 . 1 

100 

0.0 

0.7 

100 

0.0 

0.0 

100 

0,0 

3.0 

0 

0.0 

3.4 

0 

1.1 

0.3 

100 

0.0 

3.4 

0 

0.0 

3.3 

0 

3.0 

0.2 

230 

0.0 

3.0 

100 

1.0 

0.0 

100 

4.4 

4 . 2 

300 

1.0 

3 . 0 

100 

0.0 

2 . 3 

100 

0.4 

3.0 

130 

10,0 

1 . 1 

0 

5.0 

2 . 0 

0 

3.3 

3.0 

205 

11.0 

1 . 1 

0 

10,0 

1 . 2 

0 

0.0 

3 . 0 

154 

10,0 

0 . 0 

100 

10,0 

1 . 0 

100 

0.1 

3 . 3 

00 

0.0 

0 . 7 

0 

7.0 

1 . 0 

0 

3.0 

3.2 

100 


roBS 

B ,a A 

1.0 11.4 0 

4.0 7.4 100 

1.1 7.0 107 

0.0 0.0 0 

0.0 0.0 033 

4,4 4.7 005 


4.4 107 


0,0 4.3 


000 Bb height (ffletert) 


run 0 



r ud2 



r ud3 


B , B 

A 

b 

B . m 

A 

b 

B . B 

A 

b 

2.0 

7 B 5 

180 

2.0 

OBS 

160 

2.0 

636 

160 1 

1.0 

132 

100 

1.0 

283 

100 

1.0 

264 

160 

4.0 

70 

160 

4.0 

00 

160 

4.0 

05 . 6 

160 

7.0 

37 

100 

0.0 

05 

160 

6 . 0 

73 

0 

3.0 

36 

160 

7.0 

48 

160 

0,0 

44 

160 

0.0 

32 

180 

0.0 

40 

0 

7.0 

43 

160 

0.0 

27 

0 

3.0 

34 

160 

6.2 

38 

36 

15,0 

20 

0 

15.0 

25 

0 

5.2 

30 

3 1 

10.0 

14 

0 

4.2 

24 

20 

7.2 

32 

48 

0.0 

13 

100 

7.1 

23 

65 

5.3 

31 

236 












Tb« •voluiioD of iho 1*0 valor planol clioalolof loa baa boon 
4aacribed by Spar (1961) . In Ibia paper vo diaeoat lb* B*aD 
cllsallc alaloa *bicb bav* boon avorafod froa Ibo laal 13 aonlba 
of oaeb «al*r plaool oiporlaoal. 

Horizonltal fielda (pari 1) 


Altbough both runa bogan vllb ditfarenl Initial atatea , br i*f ly 
one (#1) vltb vindn and Beridional gradieDta( but uniform aurface 
pressure) and tbe other (#0) vitb a horizontally uniform atate of 
rest, as mentioned prevfgutly, tbe reaulta indicate that the model 
generates almost tbe same climatologies for tbe two runs. All mean 
variables generally abov a predominately zonal symmetric character, 
as expected from tbe forcing by zonal symmetric surface boundary 
conditions (the fixed zonal SST and uniform ice caps), although, 
vaves and cells are found on tbe individual January mars. 

Tbt mean sea level pressure (SLP) maps of run 0 
and run 1 (fig. la ) show general agreement in tbe zonal mass 
distributions, although, there is more cellular structure in run 1 
than in run 0, probably due to tbe mutual adjustment of the initi- 
ally unbalanced surface vinds and preasure in run 1. Likewise, 
stesdard deviations of SLP computed from the 13 individual monthly 
data of rur, 1 (fig. lb) show higher magnitudes(more fluctuations) 
than run 0 .Differences between the two fields are shown in the 
difference map (fig. Ic) for the two runs, where dashed lines indi- 
cate positive differences (higher SLP) and dotted lines denote 
negative differences (lover SLP). The differences are generally 





IvBii than 8 or 4 Bb.Studoot'o t-lcut abova fonarally no aiailailcal 
•ICBtficaoca for iho dlfforoncoa balaaaa tba Btana. aacopi for a 
faa grid polota in the Southern Healaphere. 


Herldlonal profilea of the aonal Bean SLP for both runa are 
ahoan In figure Id. (Run 1 la Indicated by aolld llnea. while aateriaka 
denote run 0.) One can aee the general agreeaent between the two 
runa with a broad , ne ar -aqua tor 1 a 1 low preaaure belt centered at 4 N, 
Bubtroplcal h 1 gh a , aubpo 1 ar Iowa and an Antarctic high in both runa. 
The a 1 nor dlfferencea between the two runa can be aeen eapecially 
over the polar lee capa. The climatological obaerved zonal mean SLP 
profile la alao ahown in the same flgure( heavy deah curve ). As 
can be aeen. there ia generally good agreement of the water planet 
SLP profile with the obaerved in moat of the tropica, although 
the magnitude ia allghtly lover. 

Other me All horizontal variables , For example . geopo 
tential height of 500 mb ( C500 ) and 700 mb surfaces , and mean 
layer temperatures for both runs . also show predominantly zonal 
aymmetrlc structures. Aa noted by Spar(lBOl). those fields remain 
nearly constant during the 15 months of run I. Figures lelf display 
the meridional profiles of the zonal means of G500, the surface air 
temperature (SAT) and SST.and the layer temperature (TB7), respect- 
ively, for both runs. The SOOmb surface, in agreement with the temp- 
erature profile, shows a maximum height over the warm tropics and 
decreasing heights toward the cold polar regions for both runs. The 
airength of the westerlies in both hemispheres (aa indicated by the 
gradient of geopotential ) ia about the same , but the north (>rn 
Westerlies occupy a broader region. 






Tb* ■••D coB«l 88T to flfur* !• ladlcaiad by *t* bIcbb is ib« 
flBvd Burfae* betindary coadltlOB for all tbroo OKparlaoBia. Not* 
that ibo fradloDt of 8ST 1b ibo Noriboro Hoaivpbera is froaior tbao 
ibai of Iba 8outbarn HoBlapbaro . Hovavar , It dacraaaaB at arouod BON, 
aad tba 8ST at B7N raacbaa a alnlBaa of 3 . 8 *C ableb la 4 dofraa 
C varoar than at tba aaoa latltoda 1b tba 8oatbarB Haalapbara. 

Tba aaao aurface air taoparaturaa for both ruoa (daootad by tbe 
aolld llnaa for |1 aod aaterlaka for |0) parallal tba 8ST . aapac 1 al ly 
over tbe Soutbero Heolapbere.but are gaoarally cooler t. bau 8ST. For 
aiaapla. at B7N. tbe SAT la about 4 *C cooler than tbe 8ST , 1 od ic a 1 1 ng 
atroDg aenslble beat flus from tba ocaan to tbe atnoaphare. Another 
atrlking feature in fig.le la tbe aharp decline of SAT of more than 
so dagreea C betveen the ocean and tbe northern polar ice cap. At 
higher levela over the Notbern Hemlapbare a more gentle temperature 
gradient (fig- le) la found from the middle latltudea to the pole, 
ahlle tbe sharp temperature drop betveen the ocean and the ice 
boundary is reduced to less than 10 °C in tbe layer BSO-TOOmb. 

The mean difference maps for TB-7 and C500. (figs. If to Ig) 
both reflect features similar to those found on the SLP map (fig. 
Ic). Tbe surface air temperature differences (fig-lg) appear only 
over the sinter ice cap, and these are not statistically signifi- 
cant. Overall, the standard deviations of all these variables show 
generally higher values than their mean differences. Thus, the stud- 
ent's t-tests are similar to that of SLP with no statistical signi- 


ficance in general. 
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Spherical harnonic aDalyaia 


l'k>r further objective eompariaoD of horizontal f ielde , epher i- 
eal harm.’^Dlc analyala *ae employed. Table 1 dieplaye the firet ten 
leading harnonlce of SLP and C800, and Table 2 eboea those for the 
layer temperature from 1000-6S0 mb. 

For both run 1 and 0. only zonal harmonics are found among the 
ten leading harmonics, which confirms the dominant zonal symmetric 
character of the water planet climatology. Both runs generate very 
similar large scale structures. For SLP (Table 1) the (4.0) and (2.0) 
are the first two leading har mon i c s . bo th with 180 degrees phase, 
representing the equatorial low pressure, two subtropical highs, and 
polar lows and the difference between the poles and equat or , re spect - 
Ively.Also the first 4 leading harmonics of SLP are nearly the same 
for the two runs . and S of the 6 remaining harmonics appear in both 
runs with the same phases and. with the ezception of (5,0), nearly the 
ijame amplitude. For the TIO-B . all ID harmonics are virtually 
identical for the two runs, while for CSOO, the same is true for 0 
of the first 10 terms, fxcept for SLP. the 1,0 harmonic appears as 
either the second or third leading harmonic, indicating the warm 
Southern Hemisphere. 


Borizent*! fittldz ( part 11 ) 
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Aa d\aetiBta4 pravloaaly. tha ralaiiraly vara oeaaa iaaparaiura 
at 6TN provldaa a eoBaldcrabla aaonat of aarfaea baat flat to tba 
ataoapbara In tbia roflon, as aboan la flfora lb for both rona. 
Balatlaaly r.iaor paaks can also ba saaa la both subtropical blgbs. 
Ovarall. la tba absanea of any land surf aea . saasibla baat flui froa 
the surface saeas to ba a vary saall qnaatity la tba vatar plaaat 
aipar i Beats . doe to tba rapid adjustnaat of SAT to SST. On tba otbar 
band . avaporative baat flus froa tba oeaaa surfaea Is a aajor sourca 
of aaergy. from the aarldlonal profila of zonal naan surfaea evapo- 
ration (fig- lb) .strong evaporation takes place around 27N, where 
sinking air of the subtropical high is relatively dry. Trans- 
ported by tba surface trade winds to the equatorial region, this 
Boisture condansiis out as it asceads. and the latent beat released 
helps to drive the Hadley cell, as is well known. It should also be 
aentioned that the aaount of long wave tbaraal energy radiated from 
the surface is also considerable . Unlike evaporation .which doolna- 
tes aainly ever much of the tropics, it plays an important role 
ever y where , e spec 1 a 1 ly in the Southern Heaispbere where evaporation 
and sensible heat flux are saall. 


The aean zonal precipitation profile (fig.li) indicates a band 
of aaximua rainfall over 4N where the SST is a aazlmum.in agreement 
with the results of Manabe et al. ( 1974). A secondary prec ;} p i tat ion 
iraxiBum is found over 3SN where the model generates some transient 
eddies. A third bend of convective rainfall can also be seen over 
67N. It is interesting to compere this water planet zonal precipita- 
tion with the climatological precipitation over the Pacific Ocean as 
recently calculated by Dorman and Bourke (1979) (fig. li ). 


Although their data is for the whole winter season rather than Jan- 
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bvfer* avaraclog. Bovcvcr.oielllatloaa begin to occur after t^c 7ib 
Bonib. With tonal Bean differencat of Z *C appearing in the Bib 
and 15tb Bonibt, both enrvea tend to return to tbe condition of the 
flret Bontb.Thue ,tbie nay indicate, at leait over the IS perpetual 
January period froB eblcb the 13-year Bean eat conputed, that the 
effect of initial etatee nay be of none Blner inportanee in the 
elioate alBulatlon. 

Meridional er o ■ a- aec t ion s of the tonal wind (in tentbi of 
netera per eecond.abbr. n/eec) for run 0 and 1 are nboeD in fig. In. 
Solid lines indlcAte westerly coaponenta-From inspection, the t«o 
cross-sections shoe considerable s iai 1 ar 1 ty , * 1 tb the esceptlon of 
tbe equatorial easterlies eblcb appear in tbe stratosphere of run 1- 
Tbe Bean difference cross-sections (fig. In ). shows differences of 
6 a/sec in this region. The standard deviations of run 1 (fig. In) 
in this region are i;enerally less than Sm/sec, and tbe differences 
are found to be statistically significant over this area. A time 
series of tbe mean zonal wind at 32 Bb over the Equator is plotted 
and shown in figure lo Run 1 ( dashed line ) was initialized 
with eicessively strong equatorial stratospheric easterlies as 
compared to run 0 (solid line), as indicated by the results for 
the first Bonth. It took almost 5 Januaries for tbe zonal winds in 
run 1 to reach a aagnitude close to that of run 0. Furthermore, 
there are Indications that in both runs, tbe easterlies tend to 
diminish further in tbe last 3 months of slaulatlon. 

Cross-sections of the zonal mean meridional wind cemponents 
(in units of tenths of m/sec)for run 0 and 1 are shown in figure ip. 
Solid curves are drawn for positive (southerly) components end dot- 
ted curves for negative (northerly) components. The convergence of 
the low-level trade winds toward an ITCZ at 4N and divergence aloft 
clearly defines the Hadley cell. The circulation in the northern part 
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of tbo coll !■ Boro OBlforB and oiroDfor than that in iba aouib. A 
vaak eoDvarcanca at iba anrfaca can alao ba aaan ovar 07N abara iba 
anbpolar low la locatad. Tba naan diffaranca of iba two Baridlonal 
wind eroaa-aactiona (fif- Iq ) abowt ganarally a OBall diffaranca, 
Boatly at tba aurfaca, and alao aosa Binor variaii'ona in tba Hadlay 
circulation ovar tba tropica. 

Tba Bean croaa-aaciiona of vortical wind ior run 0 and run 1 
are abown in figure Ir. One can aa . clearly the airong upwa, a "otion 
(aolid curvaa) at 4N and a atrong ainking notion (dotted curvaa) in 
tba northern tropica and aubtrcpica for both rune. However, nuch 
weaker ainking in f->und in the aonthern branch where the air in 
prevented from further aubnidence becaune of atrong diabetic beat- 
ing as well as a weak low level surface convergence at 27S. The 
zonal mean difference cr o a a - sec t i on of vertical motion (figiq ) 
again shows only a minor change in the Hadley cell, as well as in the 
polar region, as a result of different Initial conditions. The maxi- 
mum differences are generally an order of magnitude smaller than 
the maximum vertical velocities themselves. Again, student's t-test 
shows no significant difference. 




r«D t «od ran 0 


Ai d«serib«d by 8p«r (1981). tb* Bodcl la tb« parpataal Jaauary 
Bed* prodocaa aieaaaiva aaov accaaulailoB ovar iba ooBitoanta of iba 
Mertbaro HoBiapbara.aa aall aa a aoBaabat aaraaliatlc eoailaantal 
aaoa ll(>a, aapaclally la rua 8 . Boaavar.iba latar doaa atabllaa 
bataaaa aboat DON aad 45N aad tba aodal doaa aot produea caiaatrop- 
ble glaclailoo of tba Noribara Haaiapbara. Tboa .tba avaraglag of 
tba laat 80 Boatba of ran 8 aay ba aaad to rapraaont tba Baan 
cllBatology of tba flat dry eontlaanta nodal. 

Horizontal flalda (part i) 


In blgbar latitudea north of 6SN over continenta. the SAT of 
run 8 (fi|t*,. 8a) abova a band of aztranaly cold tanperature (-40*C). 
tba raault of no Inaolatlon and Inaufflclant varn advection. Over 
northern Greenland, tanperatore aa low aa -55 .'^egreea can be aeen. 
The anov line on the northern continenta correaponda to approx inate- 
ly the zero (^) iaotbern (aolid linea) of the SAT. Tba accumulation 
of anov on tba flat dry continenta baa aignificantly increaaed the 
ground albedo, aa compared to the water planet, by 10% over 35N to 
almoot 70% at higher latitudea. In contraat. tenperaturea as high 
aa 35 *C can be found over the tropical and coutbern continenta due 
to direct heating of the ground. Over the oeeana, the SAT map ahovs 
generally zonal iaotherna .which indicate the atrong Influence of 
the 8ST. 

The layer temperature from 1000-850mb (not ahovn) reflecta a 
aimilar pattern. In general, over the ocean, the temperature of this 
layer la a few degreea (e.g.. 3*C) colder than SAT. Con ver se 1 y , temp - 
eratnrea more than 10 °C higher than SAT are found over the cold 
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Borikcro eoBtlDCBiB, IsdlcBtiBg B vary siBbl* laps* rBi«.vbll* ov«r 
•ootbarn coBtioaBti. tcBpcrBlaraB at laati 3 *C bigbar ibaa SAT ara 
fooB^. Ib tba blgbar layar from 8S0-700Hb , tha borlzoBtal T6-7 
graSlaBl (tig- Ca) iB tba Noribara HaBlBpbara , la BBcb vaakar than 
iB tba loaar layar. Hovavar. tba varaiag iBfluaaca of tba tropical 
BBd Bootbara contloaota baa apraad ovar tba adjaeaot oeaan. aa can 
ba aaao by tba 285K 1 aotbar ■ . Tb la varalog la nalbly dua to tba flow 
arouBd tba aoutbara aubtropleal blgba at tba 700 ur 800 ob leval. 
Hara .anargy In tba fora of latant and aanalbla boat la tranaportad 
froa l£ind to ocean. Aa tba bot eonilnantal air flora ovar ralailva- 
ly cool ocean low cloada fora over aany parta of tbe ocean. 

Purtbar evaluation of tbe thermal Influence of tbe flat dry 
contlnenta can be Bade ualng tbe temperature difference mapa for 
SAT and TB-7 In flguraa 2b to 2c ,rbicb are accompanied by maps 
llluatratlng tbe significance levels of tbe mean differences. Ve 
can clearly see tbe warmer temperatures over tbe aoutbern continents 
and colder temperatures over tbe continents of tbe Northern Hemi- 
sphere. Fur thermore . the significance maps for both levels indicate 
that significant differences exist over the continents. The temp- 
erature differences over tbe northern continents decrease markedly 
with increasing height, but tbe influence of tbe cold Eurasian land 
masr on TB-7, which extends eastward off tbe coast of Japan, is 
greater than that of North America. The thermal influence of 
tbe continents over the Southern Hemisphere oceans, noted 
above wltb respect to SAT, also appears in the mean difference 
and significance maps for TB-7. For example, significant mean 
differences of about i2 °C cover tbe South Atlantic as well as many 
parts of tbe Pacific and Indian Oceans. 


Wlibotti orographic offoeio, the iLP of r«B t (fig. Id ) ohov* • 
roloiivoly weak praasora gradiaat aad a gaaarally aaooib pattara.Tba 
Caoadian aod Slbariaa blgba ara cantarad arouad ISN.abara tba laiiar 
baa a aaiiaaB 8LP of 1015 ab aad aitaads aaiivard to tba oeaaa. A 
aaall but waak Alaotlaa lo* ta dataetabla ia tba Barlag Strait, aad 
tba lealaadie low. with caatral praaaura about 005 Bb.airatcbaa froB 
aaat of lealaad to waatara Scaadiaavla . Both Iowa ara eoaflacd to tba 
aoutbara bouadary of tba aortb ra polar iea cap. Low SLP ia fouad 
over all tbraa warB aoutbara coaiiaaota . whara low laval coavargaaea 
froB tba oeaaa iakaa plaea. At tba aaoa tiaa, dlvargaaca aloft, 
wblcb traaaporta air aaaaaa back to tba adjacaat ocaaaa, Baiataiaa 
the aubtropical bigbs ovar tba aoutbara ocaaaa. 

Tba Baas exebaage betweea tba coatiaeata aad ocaaaa caa baat be 
axaBiaad ia terma of tba Beaa differeaca of SLP ('ig.Za ) aad tba 
cor r a apoad i ag algnlficaace Bap.Agaia, tba doBloaat faaturaa of a 
Slbariaa bigb, aoutbara coatlaeatal Iowa, aad aubtropical bigba are 
all reflected 1a tbaaa sapa. However, the Caaadlaa bigb la very weak 
aad barely aigaificaat over Bucb of tba area. Purtberaore. a toague 
of a i gn 1 f 1 c aa t ly aegative preaaure differeaca of 4 Bb exteada from 
Boutb vest of Icelaad towarda the aortbeaat. aad stretebea eaatvard 
over Ducb of the aortbera polar ice cap. Also an area of aignifi- 
eantly lover preaaure can b« found over the cool ocean vest 
of the United States. 

The Bean zonal SLP profile of run 2 (dashed lines) is sbovn in 
figure Id. As coapared with run 0 (asterisks), it shows slightly 
higher pressure north of SON and lover pressure over the northern 
polar region, as discussed earlier. The continental beating effect 
has also induced a generally lover pressure over the southern trop- 
ics. with the BlniBUB shifted to around 20S. This SLP profile is 
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■ till such too lo* Id higher BPrih^rn lAiiitid«B.wbil« ib« r«v«rB« 

!■ iro* ov*r higb«r toaibBrn Itiiiadaa, •■ oosparad to ib« obB«rv*d 
8LP. Tb« loeatloDa of BaBlBUB Bobiropical bigb proasur* in both 
boBlapbaraa gaoaraiad by tba aodol (boib roo 0 and 8) ara aligbtly 
polaaard of tba obaarvad paaka. aad tba Bortbaro aubtroplcbl bigb 
la ailll ralativaly low. 

Tba SOO Bb balgbta in run 2 (fig. 8d) abow a ganarally zonal 
■yBBatrlc character ouiaida tba tropica in both baBiapbaraa. A vary 
weak trough ovar Japan and alao a weak ndga ovar tba north Atlantic 
Ocaan can barely be aaan. Tba aoutbarn aubtroplcal bigha cantered 
ovar the tbi ae contlnanta now aztand over much of tba ocaana, ae 
diacuaaed earlier. Unlike tba 700 mb aorface. the aubtropical bigha 
at SOOcb ara generally weaker and broken into individual calla. The 
bydroatatic effecta of the cold nortbu. o (winter )cont inanta and warm 
aoutbarn (aumDer) continenta on tb«' 900 Db aurfaca ara reflected in 
the mean difference and aignificance map (fig.Zf). The decreaae 
(incraaae) in 900mb height over northern (aouthern) continenta 
reaulta in atronger weaterliea in both hemlapberea. Significant 
warm effecta over the tropical and aouthern oceana are alao reflect- 
ed in this 900mb height difference map. 

Spherical harmonic analyala 


With the presence of longitudinal variations, zonal wave 
numbers (m) greater than zero are ezpected to appear in the spheri- 
cal harmonic analysis. However, from the calculations for SLP,C500 
and TlO-6 (Tables 1 and 2), the first two or more leading harmonics 
are basically the same as for the water planet runs and are still 
dominated by the zonal symmetric components (m equal to zero) 
despite the increased influence of small scale cellular patterns. 
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for SLf of no t. iho (4,0 ood t.O) tosol oyBooirie 

borBODleo (both vltb • ptooo of 160 dogrooo) oro oilll tho too load- 
log horBooiet •• 1b roB 0. UBdor tho iBflaoBoo of bbbb ozehoogoB 
hOtOOOB tho eOBtlBOBtO BOd OCOBBO, SOBBl OBVO BBBborS Of l.I.S.BOd 

4 hBoo boguB to opibor OBoog tho root of tho bovob loodiog horooBicB 
for oxBBplo. tho third horBooie (1.1), roproooBtf tho doBlDooco of 
tbo ABlatie BDtleyelooo, folloood by tho (3.2) horBOOic which 
iodlcBtoB tbo SiboriBO BOd CaoBdiBO high proBBuro colla, with 
roveriBi of pbaoc in tbo Soutboro KoBiiphoro. Proeodod by two bar* 
Bonica with zonal wave ounbor of 4 .tbo (3,3) barBonic roflocta tbo 
3-eoll Blructure in tbo Soutboro Hosiapboro. finally, tho tontb 
bariconlc coosponeot ia a zonal ayfflootrie barDooic (3,0) with pbaao 
anglo 180 dogroea , which roflocta tbo rolativoly high proaauro 
around Antarctica and a rolativoly low proaauro ovor tbo Arctic. 

for CSOO, the ordor of tho firat three loading barffloniea, 
(2,0). (1.0), (4,0), roaaioB the aaae aa in run 0. 6ut tho large 
acale effect of cold continents in tho Nothern Hoaiaphero, together 
with heating ovor the tropica , haa drafflatieally increaaed tho 
amplitudes of these harmonica. Froo the fourth to eighth harmonica 
of run 2, all are zonal aymmelric componenta . Thoae are generally the 
aame harmonica as in run 0 except for s/tv,e change in ordor as well 
as increasing magnitude. Not until the ninth harmoF ic , (4 , 2 ) , in the 
table of C500 is there any reflection of tho weak long wave troughs 
and ridges in tho Northern NemispL re. Thus, we can conclude that 
tbo influence of flat dry continents on CSOO is very weak. 

Similarly, the first two harmonics of TIO-B in run 2 are 
still the same zonally symmetric components as in run O.for example, 
the (2,0) harmonic reflects the temperature contrast between the 
pales and equator, and the (1.0) represents the temperature differ- 
ence beteeen the two hemispheres. As we can see from the table. 


ib« •xtr*B«ly cold NoribtrB H«BiBpb«rB io run 2 rcBullB io • iripl- 
iBg of ibo BBplltudo of tbo (1.0) boraoDlc. Tbo third lorgoBi 
birBODle (3,2) iDdleatoB ibo zonal patioro of two rolatlvaly warm 
oeoaBB and two cold eoDtlnonta io tbo Nortborn Hoaiopboro, but with 
a rovoraal of pbaao in tbo Soutborn Hoaiapboro. Tbia ia followod by 
tbo (4,4) baraonie wbieb indicatoa four rolativoly wara and cold 
aoridional banda wltb no nodal parallola. 


HorlioBtal (pari It) 




1b rBD C. BBBBtbl* liBBt flui (fig If ) !■ BBOlllBr BAVriy 
BBuroB Ab*A eoottBAOtBl BurfBCBB BfB iBtroducBd. louth of SON. All 
BBBtlBABlA COBtrlbUtA AlfDlflGAAt ABOUBIA Of BABAlbl# kAAt, AKCApt 
for gBtArottOA iB BOrtkArO ktgk lAtltBdA OOAtlBABtA, AUrfACA Air 
t A BpA r aI ur A A Aro gABArAlly kIgkAr tkAo tko grouAd I Anpor At ur a a . 
rAAUllIng lA AO BABAlblA kAol IrABAfor to tko AtBOApkorr. For 
AAAAplA, to Aortkoro SlborlA AAd CrOAOlAAd, SAT (oot AhoAM) lA 
Avon S*C btgbor tbAn tko gronod tAnpArotur# On the other bond, 
AitiAttely cold polor Air froB the SlborlAn And CnnAdlAU blgbA flow 
Ing ovAi the rolAtlvoly aatb pcvaua cauaoa Atroug upi«rd AoitAlblo 
kvAt fluK Along the AAAi vOAAtA of the norther It contlueiite Over 
IcelAUd Aud the Serlng Sen, the SAT le even 4*C colder than the 
oceeu temperature. Thue .more eeiiAlble heat te releeaed from ocean 
Aurfet'eA to feed and BAlnlaln the loelandio and Aleutian 1o«a. 

Ill run S, A third of the eurfoce area of the eater planet 1a 
noe occupied by a dry flat eurface elth no evaporation and no eater 
A t orage Obvlouely, the global hydrological cycle haa been modified 
dramaticallv.eapeclally over the Northern Nemlephere Similar to the 
eenvlble heat flui. the evaporation le reetrlcted to ceitatn geug 
rap hi cal locattona (fig &g). Strong enhanced evaporation takeN place 
over the eeetern parte of both the North Pacific and Atlantic 
Oceana, ehere dry, cold air orlglBatee from the Siberian and ('anad 
Ian klghe lloeever. the evaporation over the northeeetain Pacific 
la far more Intenae (8 mm /day) and a tongue of high evaporation 
Aitenda acroea the northern Pacific along SON. In the eater planet 
runa. thta latitude tone la aleu ehere the htgheat evaporation 
(hmm^day) took place. 






ID gaoeral. •vaperation la kigh ovar iba tropical ocaana. 


■iroDg ocaanic avaporailoD can alae ba fcaad ovar tba waaiarn edge 
of iba aoutbern contlDenta at around SOS vbara dry aubaidanca takea 
placa Id tba aubtroplcal blgba. Pigura 21 abova tba Baan dlfferanca 
DDd algDlflcaoca of tba avaporation batwaan run 2 end 0. Tba poal- 
tiva avaporation cbanga off tba aaat coaat of tba U.S ia geneially 
in a i go i f lean t ,aa a raanlt of tba veakar Influance by the Canadian 
blgb aa compared to tbe colder an) drier Siberian high. But tbe 
increaae of 2 mm/day in evaporation ia aignlflcant over the higher 
northern latitudes of tbe Atlantic Ocean. Finally, an increase 
(lecreaae) of oceanic evaporation over the west (east) coesta of 
tbe southern continents around SOS can be seen, as noted above. 

Tbe low cloud cover (in percent) generated by tbe flat conti- 
nents model is shown in figure 2b Over tbe tropical and southern 
con t 1 nen t s , f or ma 1 1 on of low clouds is completely supre s sed . Th i s may 
be due to tbe low level stability which tbe model generates, as dis- 
cussed earlier, as well as to the absence of soil moisture and 
evaporation. Over the oceanic areas, on the other band, 40 percent 
or more low cloud cover can be found along the coastal regions on 
both sides of the tropical and southern continents. Low clouds 
appear over the Pacific Ocean southwest of Peru, in the Gulf of 
Guinea, southwest of the Canary Islands in the Atlantic, and south 
of Indonesia. All these regions are located downstream of areas of 
maxiaum oceanic evaporation. 

Over the South Atlantic Ocean and South of 25S in both the 
Pacific and Indian Oceans, large areas of ZOX or more stratus cloud 
can be found, associated with relatively warm moist air flowing over 
the cooler oceans. Within these low clouds regions, latent beat of 





cond«DB«iio» la ralaaaad to ibo aorrouDdlnga vban ibo cloudt aro 
feraad. Cloada alno altar tba baatlag and cooliag doa to aboorpiion. 
raflaetioo and aeattariag of tolar and tbaraal radiation. For lDtt> 
aaeo. tba dlffaraoca and tignifieanea napa of tba planatary albado 
(not abovn) indleata a algnlfieant 6X Ineraaaa ovar tba low cloud 
raglona In tba Soutbarn Haniapbara. In eonpanaation for tba lota of 
abort wave radiation , tba low elonda trap long-wave tbernal radiation 
below aa well as aensible beat carried by tbe circulation from tbe 
continents .Tbe net tbermal affect of tbe low clouds is a alight 
warming of tbe lower atnoapbere. 

Over tbe tropical Pacific and Indian Oceans, very little low 
cloud cover is seen, while in higher latitudes of tbe Northern Hemi- 
sphere. low cloud cover of 30% or more can be found over the oceans 
as well as on tbe snow covered continents. 

Tbe difference and significance maps (fig. ZJ) also reflect 
the general Increase of low cloudiness over the entire globe. except 
for the negative effect of tbe tropical and southern continents. 
Highly significant increases of low cloud cover over oceanic regions 
around latitude SOS can be found. e.g. north of New Zealand . south of 
Austral la. end southeast of Madagascar and Brazil. A Z5X increase of 
the low cloud cover can also be found over the Great Lakes region 
in North America. Evaporation from the snow surface may also cont- 
ribute to the significant increase of tbe low cloud cover over 
Eurasia and North America. Strong evaporation over tbe Aleutian 
region and south of tbe Icelandic low also results in more low 
cloud cover over the ocean. Furthermore, cool moist oceanic air 
flowing over cold northern continental coastal and inland areas 
causes stratus clouds to form, for example, over Alaska and around 
tbe Baltic Sea. 

In general, the continental surfaces not only create monsoonal 
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eicbangei with ib« ocaasi .but also eauue tba fornailon of 
clouda vbich Cataract viib tba anergy aud bydrological cyclas of 
ibe elimata ayatam. 

Tba naan dally prac Ip 1 1 at ion nap of run 2 (fig. 8b) aboaa 
ganarally dry coadltlona, altb rainfall lean than 8 nn/day,ovar tba 
contlnantn In tba Nortbarn Hanlapbara. In contr ant , anhancad praclpl- 
tatlon arena are found ov&r tba adjacent oceann In the northweatern 
part of both the Pacific and Atlantic oceana. extending In a north- 
easterly direction to higher latitudes over the Aleutian and Iceland- 
ic regions. Similar to the evaporation pattern In the Northern Heml- 
aphere, a tongue of precipitation mm/day) stretches across the 
Pacific Ocean at around 3&N. Heavy convective precipitation of more 
than B mm/day Is found over the equatorial Amazon In South America 
with the ralnbelt elongated to the southeastern coast of Brazil. The 
N1 to SE orientation of this ralnbelt Is a direct result of warm 
moist air from the Northern Hemisphere meeting cooler air flowing 
around the subtropical high off the coast of Chile. (Note that the 
Andes are absent in run 8, otherwise, there would be a diverting 
effect on the flow.) Two rainfall maxima can also be seen Just to 
the north and south of the Equator in Africa. In Australia, a small 
area of moderate precipitation can also be found south of the Gulf 
of Carpentaria. Over the tropical Pacific and Indian Oceans, 
precipitation up to 4mm/day is found. 

The difference and significance maps of precipitation (fig. 8k) 
show clear statistical significance for the positive precipitation 
differences over South America, but somewhat lower significance 
levels for the differences over Africa and Australia. A dry zone is 
•Iso seen over the southern continents around 8SS because of the 
Bubtroplcal high presure areas. The model did produce realistic 


f«aior«a laeb •• tbe dry Hor» of ooti Africa (Sonalia) and the dry 
Sahara doaerl. Tha anhaacad praclpltatloo aaat of Japan and aouib 
of iba Alautlan and lealandle Iowa ara all aignifleani. Ovar tba 
•quaiorial Atlantic and Pacific ocaan ragiona. iba aiiatanca of tha 
flat dry continanta aaena aitbar to aupprcaa pracipitatlon or to 
nova it aotttbvard fron tba naxinnn rainfall tone which ia located 
at 4N on the water planet. Tbla affect can alao be aaen in the 
xonal profile of precipitation (fig. li). 

Meridional cr o a a- aec 1 1 on a 


The meridional temperature cr o a a - aec t i on of run 2 (fig. 21) 
la qualitatively aimilar to that of run 0 under direct vlaual comp- 
arlaon. However, the difference and oigulficance c r o a a - aec t i on r 
(fig. 2m) reveal numeroua areaa of aignificant difference. The low 
level continental cold aource of northern high latltudea is clearly 
aeen and aupporta the horizontal temperature fields discusaed earl- 
ier. Furthermore .temperatures 2 to 4 cooler can alao be found 

over the northern polar stratosphere in run 2 .Over the southern 
tropics, significant warming below dOOmb is seen, mainly the result 
of strong ground heating as well as latent heat release . both of 
which are smaller on the water planet. 

At higher levels, the thermal influence has gradually 
propagated both southward and upward. and is related to the southern 
Hadley circulation. The colder northern continenta have caused the 
troposphere and tropopause to lower and cool around 95N in run 2 , 
while warming up to 3^C has taken place in lower stratosphere. This 
warming is mainly due to strong adiabatic compression of sinking 
air from high levels where the northern Hadley cell converges with 
a weak stream of northerly wind from high latitudes. 


The mean croa8>aectlon of tonal vlnd for run 2 la tbown in 
figure 21. fiib the pretence of the flat coniinenit . dominant eatter- 
lieo are nov found over much of the tropict . increating in tpeed with 
height. The exiatenee of the eaaterliea haa alao created a ntrong 
gradient of zonal vinda in the aouthern tropic a . ah i la the location 
of the maximum veaterly jet atill remaina at 31S at in the water 
planet. In the Northern Heml aphere , the zonal weaterliea are genera- 
lly atronger at high latitudea. 

Again, the influence of the beat and cold aources on the zonal 
circulation may best be illustrated by the difference and signifi- 
cance cross-sections (fig. 2n).The strong westerlies at latitude 
315 and 16N are readily seen to be the result of warm tropical 
continents, although the northern circulation is somewhat less 
significant. At 165, a significant difference of 18m/sec is found. 
This is mainly caused by a reversal in d i rec 1 1 on . w i t h easterlies 
Induced by land in run 2 replacing the westerlies in run 0. The 
adiabatic warming region (35N), as discussed in the temperature 
difference cross-section, also causes weaker stratospheric wester- 
lies in agreement with the thermal wind relationship. Furthermore, 
the cooler stratosphere and colder troposphere have strengthened 
the westerlies significantly in the Northern Hemisphere. 

The cross-section of meridional wind of run 2 (fig.2o) shows a 
shift of low level convergence from 4N in run 0 to around 16S.Thus 
the principal effect of the flat continents is to induce the ITCZ 
to move southward over the heated land surfaces. The symmetric 
pattern of the Hadley circulation found in the water planet run is 
now broken into a dominant northern cell, which extends farther 
south, and a weak southern branch. In northern high lati^udes, 
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•revDd 70N.ibe larfae* loatberly wind of ran 0 1* alitloc in ron 2. 
Tbio is BsiBly duo to tbe csBcollslien botvooB tbo aouiborly vlods 
ovor tbe coBtlBooiB sod tbo Bortberly viods ovor tbo ocosb. In tbo 
looor strstospboro Boar bSN a Bortborly wind la found. lo connoctlon 
with tbo lov lovol convorcenco at 06N (aloo boo tbo croBs-aoctlon 
of vortical wind), tbia foroa part of a ooak indiroct circulation. 

Tbe difference croaa-aection of aerldional wind for run 0 and 
2 ia abovn in figure 2p. Tbe aolld iaotacba indicate atronger 
Boutberly (veaker northerly) wind and tbe reverse ia abovn by 
dotted iaotacba. Clearly, tbe aoutbvard ablft of tbe ITCZ is 
generally significant. In the stratosphere over 5SN - TON, a band 
of significantly stronger northerly wind (6 cn/sec) is found (not 
seen in the difference c r o s s > sec t i on ) , and again this is an indicat- 
ion of the Indirect circulation of run 2. 

Unlike tbe vertical velocity cross-section for tbe water 
planet, with a single ascending column at 4N and vitb maximum speed 
of 6.6 cm/sec, the cross-section of run 2 (fig- 2o ) shows two 
distinct ascending branches of the Hadley c 1 r c u 1 a 1 1 on , one at 4N and 
tbe other at 12S. However, tbe maximum upward speed for both branches 
is reduced by almost half compared to run 0 due to the zonal averag- 
ing of the rising motion over land and tbe descending motion over 
the adjacent oceans. The southern branch of tbe ascending region is 
wider than the northern branch, and much of the air in tbe lover 
convergence level originates from the trade winds of the Northern 
Hemisphere. (Also see the meridional wind cross-section.) Aloft, 

Bocb of tbe air mass is diverted back to the north, enhancing tbe 
strong dominant circulation of the northern Hadley cell. To tbe 
north, the rising motion in tbe northern branch is due to the beat- 
ing of the African continent and small portion of the tropical 
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ecaaai. taakar aacandlog boIIod can alao ba aaao at 67 dcgraes ovar 
both beBlapbaraa vbar«> tba aubpolar leva arc located. 


Tbe Bcau difference and elgnificance croea-ecetiona (fig.Sq) 
clearly Indlcatea a aoutbward ablft of the Hadley cell. Dotted 
llnea denote either weaker rlalng or atroncer aluklng notion and 
aolld llnea either atronger rlalng or weaker alnklng notion. Tbe 
algnlflcance of atronger aacendlng notion in tbe aoutbern branch and 
atronger deacending notion to tbe aoutb ( at 36S) ia clearly aeen. 
Weaker rlaing motion in the northern Hadley cell and weaker winking 
notion at 25N are all reflected in tbe difference <;roB8-aect ion . 
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III. Tb* ib«rB«l aod dyBaaleal affBelB of iorraio aad BouaiaiD barr* 


lara: dlfforaacaa baivaaa rua 3 aad raa t 


la ibia aiparlBoai (#3). raallailc topography la lacorporatod 
iBio iha eoaraa-Boab Bodol. Pigura Sa illuairaiaa iba topography of 
tba BOdal ia gaopotaatial Batara. It Bay ba balpful to dlatlaguiab 
iba tarrala affacta lato two typaa. Plrat, tba gaaaral uplift of 
cootlaaota abova aaa laval. or " plataau " affact . producaa 
alavatad cold (alatar.bigb latltuda) aod aaro (ouBoar.low latituda) 
aourcaa. Saeoad, tbara ara Bouotalo barriar aff acta , ah Icb Bay ba 
further aubdlvidad accordlog to tba orlaotatloo of the Bountaina 
lato Dortb-aoutb "Cor d 1 1 lar aa" barrlara to sonal floa and aaat-aaat 
"Alplae-H Imalayaa" barrlera to meridional floa. 

The dry liotbermal Initialization of tbla etperlment may 
binder aomaahat tba evaluation of the orographic affact aben 
compared to run 2 . However, aa we aball aee, after aeveral montba, 
the model aeems to forget Its Initial atate. Averaging the last 20 
months of the mountain experiment thus provides a climatology that 
la comparable with that of run 2. 

Horizontal fields (part 1) 


Figures 3a to 3b display the surface air temperature (ln°C ) 
and layer temperatures from 1000-850 mb and from 650-700 mb (both 
in K) of run 3. At the surface . the most obvious difference 
Is seen over Antarctica where the ground albedo (not shown) .as 
compared to run 2. Increased by almost 30X. In the layer 1000-650 
mb, the TlO-6 of run 3 shows a pattern similar to that of run 2, but 
Bore Irregular, with wave-llke Isotherms and high temperature 
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tradianif over Atla. North Aaoric* and GraoDland. It auat.of courar. 
ba ootad that aueb of tha Haaalayaa, tba Tlbatao plataau, Craenlaod. 


and iba Siarra, Andaa, and Rocky aonotain barrlara ara blfbar than 
tblB layer. ao that TlO-6 in tboaa araaa baa no pbyaieal aaanlng.and 
rapraaanta only an artificial ax tr apo 1 at 1 on baaed on tbe aurface air 
taaparature. Unlike TIO-B. tbe irregular pattern and taaperatura 
gradient of T6-7 baa dialniabed gradually. Again, it muat be 
recognized that aone aounlainoua arena lie above tbe 700ob le^el. 
Never tbe leaa . tbe effecta of tbe elevated beat aourcea of the Andea. 
African bigblanda and Auatral ia , together eitb their influence over 
tbe tropical oceana . can be found by conpariaon of tbe TB-7 
iaolberms of runs 3 and Z (figa 3b and Za ). 

Further underatand ing of tbe role of topography in 
r ed i a t r i bu t i ng tbe thermal aourcea and ainka can be obtained from an 
examination of tbe difference and aignlflcance mapa of SAT,T10-e. 
and TB-7 (figa. 3c to 3e .respectively) for run 3 and 2. In 
figure 3c . a i g n i f 1 c an 1 1 y cooler SAT la found over the aouthern 
contlnenta due to tbe high e 1 e va t i on . Fo r instance, in South America 
a temperature difference of -8 **0 over Peru is due to the high 
altitude of the Andes. However. a large temperature difference (-4*C) 
is also found in southern Brazil at a lover elevation. A 
significant increase of convective precipitation and i 18% 
Increase of cloud cover due to the topography are found in this 
region. Thus . the reduction of the Insolation is probably the main 
cause of tbe cooling In this area. That these cooling effects are 
confined to the surface layers may be Inferred from tbe difference 
and significance maps of TlO-B and TB-7 (figs. 3d and 3e ). which 
show practically no significant differences between runs 3 and 2. 






N*c«tlv« SAT diff*r«oc«t arc alio found froa caniral to 
aouibarn Africa, vbara ibc aacnituda of coollnc la allfblly fraaior 
ibao in tba Aodaa. Tbla la probably a raauli of tba largar aroa 
tovaraga of tba African blgblanda, daaplia tba loaar olovailon. 
Slallarly, aaall but datactabla cooling of SAT can alao ba found in 
tba alavalad northwaatarn part of Auatralla. 

It la Intareatlng to note that tba bait of coolar SAT la not 
loritad over tbe Ethiopian blgblanda of Africa (aaa topography aap. 
fig. 3a) but appeara farther north In tba Sudan. Again, tbla aurfaca 
cooling Day be explained by referring to tba aurfaca alnda of 
run 3 (flg.3f), which Indicate a nora northerly flow of cooler air 
from tbe lied 1 ter ranean Sea. That tbla la a aurface feature can be 
aeen by comparing It wltb tbe mapa for TIO-B and T8-7 , wbare no 
aigniflcant dlfferencea appear. On tbe other band, tbe elevatal 
beat aource of tbe Ethiopian highland to tbe aoutb la vividly aeen 
In these two layers, and it alao extenda weatward to tbe aoutbern 
Sahara desert. 

From tbe difference mapa of TlO-B and TB-7, tbe Andes region 
of South America is aeen to be tbe most intense elevated heat aource 
among tbe three southern continents. Vitb tbe presence of orography, 
there is a significant westward spreading of tbe thermal influence 
to tbe adjacent. oceans at around 35S over tbe three southern 
continents , which is related to the circulation around the 
subtropical h i gb s . F ar t he r south, around 35S, eastward spreading of 
heating effects over the ocean can be found on the east side of the 
continents as a result of the westerlies. 

Over the Himalayas , including Tibet, the SAT difference map 
Indicates a high elevated cold source, surrounded by areas of warmer 



i«Bp*r«tar«i . For la ••■iara Chlaa . a poaliiv* 8AT 

dlff«r«Dce of 6 *C ia fouad. Tbia la apparoatly aa ladlraci 
affact of iba H 1 aa 1 ay aa , ab Icb cauaa tba Slbarlaa bigb to abift to 
iba aortb. Coaaaquaaily , iba aatlcyelealc flow la aow oaabora in 
rua 3 over iba aouib-aaaiara Cbiaa (aaa aurfaca vlad of run 2 aad 
8 ). For Bucb iba aasa raaaoo, blgbar valuaa of SAT and TB-7 can 
be found io ibe norib and waai of iba Tibetan Plateau In run 3. 

Tbe ano* cover In ibe noribern pari of Afgbanlaian la abaeni In 
run 3. Puribermora, ibla bigb elevated region baa experienced an 
Increaae of convective cloud of Bore iban lOX. 

Farther norib over the coniinenia. ibe SAT and layer iemper- 
aiurea show a igu 1 f 1 can i 1 y colder temper aiurea partly due to blgber 
elevation In Siberia, tbe Slerraa, and Greenland. In addition, tbe 
mountain barriera alao act to block warm advectlon, ao that even 
lover level aurfaces alao ahov colder temperaturea . Again, tbe fact 
that tbe Initialization may have cauaed a minor realdual effect 
needs to be considered. Finally , a 1 gn 1 f 1 c an 1 1 y warmer values of 
SAT,T10-6, and TB-7 can be seen over Alaska and around I ce 1 and , where 
warm advectlon from tbe oceans to tbe south ia taking place. 

As pointed out earlier, tbe Isothermal and, more Importantly, 
dry initialization for run 3 certainly has an impact on the model- 
generated climatology. Insufficient moisture and clouds, during tbe 
first few months , cause extremely cold temperatures to develop over 
BUcb of tbe high northern latitudes. However, with advectlon of 
Boiature and beat, from lower latitudes later on, these initially 
cold conditions undergo a change. In order to see bow tbe initial 
state affects the later months, time series of TIO-B were made for 
several grid points. Particularly, those along latitude 67N will be 



■bovo . further lubdlvidud luio 3 aujor croups :(i) Bor th*oot( 170W) aud 
Boriboutt (1601) of AUtku.(ll) ostroBo Borlbeottora USSR or ••■1 
of ScBDdlDovla ( loocttudoi of SOB and SOB), aod (ill) Bortboru aod 
Boribaaaiora Siberia (lODcliudoa lOOB. IBOB. 140B. 160B) . Racioui (i) 
and (11) ara abovn lu flfura 3f aud racloo (111 ) la flfura 3b. 

Daabad llaaa daaotad rua 2 aod solid lioa raprasaot ruo 3 at tba 
sasa grid poiots. Tba topography of all tba grid polots lias balov 
tba 050 Bb laval for rua 3. 

Id tba first aoDth of run 2. a Bontbly Bsao TIO-S close to 
270K is found io all three regions along S7N (including those grid 
points not sbovu in the figure), a direct result of tba relatively 
warm Doist Initialization. In tba following two aontbs , tauper aturas 
in all tbraa regions fell by oore than ISK .except for tba location 
at 30E )f region (i). where the change was soallar because of its 
location in open water. During the rest of the run. all locations 
exhibit realistic Interannual fluctuations with teaperatures colder 
than the first month. 

In the first month of run 3 . a more erratic and colder temper- 
ature distribution is found under the influence of the dry 
isothermal initial condition, as well as topography. For example, a 
large temperature difference can be found between the location of 
regions (i) and (ii). However, a more uniform temperature of around 
260K can be seen in region (lil) in the first month. Starting in the 
second or third month of run 3 . ell grid points show a sudden 
cooling, but most dramatically over region (ill) with a 30K to 
almost 50K drop. However, in the following months , temperatures in 
all regions start to climb steadily. In regloD(l), slightly wei mer 
temperatures than in run 2 can be seen as the effect of warm 












•dvactloD froB ib« A1 «b11«d 1o« . wbll« la ragloaCli) aad (111), 
ianparaiurat ara altbar coldar or eoolar tbaa la rua 2. la ragioa 
(ill) ovar aortbara Sibarla, larga anplliuda floctnatloaa ara fouad. 

FroB tba OBall data taapla ahowa abova.it ia apparaat that tba 
dry laotbaroal initial izat loo of run 3 doaa raault in vary rapid 
radlatlonal cooliof in high nortbarn latitudas during tba firat two 
Bontba of tba Bodal b i atory , obi la in run 2, tba Boiat lactbarBal 
initialization allova a aaollar cooling rate to taka place. Hovavar, 
after tba firat two Bontba of run 3. aa evaporation Bolatena the 
model atmoaphere , the temperature rlaea rapidly, ffltblo a fav 
Bontba, the temperature of run 3 , like that of run 2, beglna to 
fluctuate around a long-term mean value that ia veil belov the 
initial temperature , but conaiderably varmer than the extremely 
lov temperature reached in the aecond or third month. Tbua , it 
appeara that the long-period average temperature of the model 
atmoaphere after the first fav montha ia virtually independent of 
the initial atate. 

The sea-level pressure map for run 3 (fig. 31) shova a more 
irregular pattern and larger gradients than run 2. With orography, 
the Siberian high is nov shifted nor theastvard and broken into cells 
over the elevated cold areas. Similarly, the Canadian high has also 
migrated to the northvest Unrealistic high SLP appears over 
Creen 1 and , pr ob a b 1 y due to the method of reduction to SLP. A veak but 
closed cold lov can be found in the southeastern Gulf of Alaska. The 
Icelandic and Aleutian lovs are nov located to the south of 
Greenland and over the Kamchatka Pen i n s u 1 a . re spec 1 1 ve ly . Although 
the Aleutian lov is more intense and better organized than in run 2, 
the pressure is still somevhat higher than observed. 
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Ov«r Antarcilea. lov SLP la seen between lensitudea zero and 
80E, where the blgbeat elevation la found. In the tropical Pacific 
and Indian Oceana, SLP la generally lower than in run 8. Tbia amall 
difference doea not appear in the difference aap (flg.SJ). but Ita 
aignlficance la clearly aeen. In addition, the colder temperature of 
run 3 in northern high latitudea ia alao reflected in the higher 
preaaure on the difference map. Similarly, the retreat of the 
Siberian high to the north and ita replacement by a generally lower 
SLP beve reaulted in a total decreaae of SLP of more than 6 mb in 
aoutbern Asia. The aignlflcant aea level preaaure decreaaea over 
the elevated African bighlanda and the Andea are alao well depicted. 


The mean zonal SLP profile of run 3 ia abown in figure Id and 
denoted by the number 3. In the tropica, the elevated heat aource 
has lowered the SLP relatively to the water planet and flat 
continents experiments, and thus farther from the observed values. 
(Even allowing water storage and evaporation to take place over the 
continents still only raises the pressure slightly in the tropics.) 
On the other hand. It is very encouraging to see the increase In SLP 
in the Northern Hemisphere in run 3, which brings it closer to the 
observed profile. However, the presence of the arbitrary northern ice 
cap has made the polar pressure somewhat too high. The magnitude of 
the aubtropical high in both hemispheres is in better agreement 
with the observed pressure profile, but still too far poleward, 
especially in the north .Finally, a serious model problem can be 
found in southern polar latitudes (e.g. 67S) where the SLP of the 
model is much too high compered to the observed profile, even with 
orography . 


With topography included, the SOOnb nap of run 3 (fig. 31) 
ahowa many wave-like atructurea in contraai to the more zonal 
aymmetric character of run Z. For example, perturbatlona can be 
found over the high elevated area of Antarctica. In aouthern high 
latitudes, the pattern of CSOO ia basically similar to that of run 2 
because of the strong influence of the oceans. Nevertheless, small 
"wiggles" in the pattern can be seen off the coast of Chile in 
run 3 . 


Among the southern cent inents , the CSOO over bouth America is 
lover than over Australia and Africa due to a much lover SLP. This 
can be seen in the difference and significance maps (fig 3k ). In 
contrast to the broken southern subtropical high pressure cells in 
run 2, a more organized large scale structure can be found over the 
Pacific and Indian oceans in run 3. The hydrostatic effect of the 
warm continents spreading on both sides of the oceans, as discussed 
earlier, is also reflected in the CSOO difference map. 

Recently .Kasahara (1080) has reviewed the influence of 
orography on the general circulation of the troposphere. Figure 31 
(after Kasahara) is a schematic representation of two types of 
blocking pattern. taken from Kikuchi (1970). Kasahara noted that the 
blocking high and diffluent structures could be caused by large 
scale topography as well as land-sea temperature contrast. In G500 
of run 3 , a diffluent structure resembling that cf figure 31 
appears over the Himalayas complex with a high closed contour to the 
north and a low to the south. The strong westerlies here have split 
into two streams, one towards the north and the other to the south of 
the Tibetan plateau, in agreement with observational studies. To the 
southwest of this region, waves can be seen over India. Furthermore. 
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ib« elevated thermal influence of the Himalayan complev in reflected 
in the nigniflcant difference in fig. 3k . A nimilar diffluent 
pattern with no cloned contour can alno be neen in nouthern 
Greenland . 

With orography ( but zonal 8ST) in run 3, the model ban 
generated a diffluent ntrueture in the Gulf of Alanka, with a warm 
ridge in the nortb(over the continent)and cold trough to the aouth 
(over the ocean). The trough in Junt to the north of the cold 
low, which was mentioned in the dincunsion of the SLP map. Thin in a 
qu as 1 - b ar 0 1 r op ic feature, and the pattern extends up to the SOOmb 
surface. Such a diffluent structure appears to be related to a 
trough formed on the leeward side of the Himalayas complex (over 
Japan), and results in a transport of warm air downstream towards 
high northern latitudes. Subsequently, a warm high or ridge built up 
over Alaska. Thus, tbe process leading to the diffluent structure 
may be an Indirect orographic effect, involving also the land-sea 
temperature contrast. 

In northern polar latitudes , significant positive 
differences of G500 can be seen , e.g.. over Greenland and the 
northern Ice cap, despite tbe colder temperature of run 3 in these 
regions. Tbe reason for tbe higher GSOO is the higher SLP of run 3 
in these areas, except south of Iceland and Alaska where warming 
takes place. In Siberia and central Canada, on tbe other hand , 
negative difference oi G500 are found due to the extremely cold 
temperatures, hut only a portion of tbe area shows significance. 
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Spherical harBonir analyaia 


Aa Been in the horlconial fields, the orography diverts the 
Eonal flow into Beridiunal Botiont and also affects the atmosphere 
thermally through the elevated heat and cold sources. One might 
therefore expect the spherical harmonic analysis of run 3 to 
show a few now dominant harmonics, although many of the major 
characteristics may be retained in the global harmonic structure of 
SLP, GSOO (table l) and TIO-B (TableZ). 

For SLP of run 3, the dominant (1,0) harmonic again indicates 
the excess of mass in the the Northern Hemisphere. The (4,0) 
harmonic ranks a step lower. with smaller amp 1 i t u de . t h an in run 2. but 
still reflects the subtropical highs and equatorial low as dominant 
features of the SLP structure. The polar-equatorial difference 
represented by the (2,0) harmonic in run 3 has a reveral of phase 
which reflects the high SLP in the winter hemisphere together with a 
slightly lower pressure in the tropics. Furthermore, high SLP in 
the northern polar region and relatively low pressure in mid 
latitudes can also be seen from the (3.0) h nr m o n 1 c , wh 1 c h is 7th in 
run 3 and 10th in 2 .with 180 degree phase difference indicating 
relatively low pressure in the northern polar region in run 2. 

The slightly enhanced amplitude of the Asiatic antic yt lone in 
run 3 is shown by the (1,1) harmonic which still remains the 3rd 
leading harmonic as in run 2. while the (3,2) ,(4.4) and (5,4) 

harmonics which follow exhibit similar or slightly larger 
magnitudes. The (3,3) harmonic, reflecting 3 longitudinal waves or 
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ctllB, which appears at 7 ih barnoDlc io run 2, la no longer anong 
the ten leading harnonics of run 3 when topography is included. 

for G300, the first 3 leading harnonics of run 3 are similar 
to those of run 2 except that snaller anplitudes are found in the 

(2.0) and (1.0) terns. This is a reflection of the higher SLP in the 
northern polar region which causes a higher C500 and thus a decrease 
of the anp 1 1 tude . The following leading harnonics of CSOO in run 3. 

(7.0) end (B.O). show a decrease of magnitude. However. the most 
interesting is the (6.0) her non ic . wh ich Jumps up to 4th place in 

run 3 from 6th place of 2. with dramatic increase of amplitude. This 
nay be explained by the difference map of CSOO (fig. 3k). Higher 
heights .'>ver the Arctic ice cap and Antartica.and also near the 
Himalayas complex and around latitude 405. together with a decrease 
of height over Siberia. Canada end the southern oceans, all 
contribute to the importance and high amplitude of the (6,0) 
harmonic. The effect of the continents on the longitudinal 
variations of CSOO can be seen from the last four h ar mon i c s . Tb r ee 
of the harmonics, (6,2), (5,2) ajd (7,2), are of longitudinal wave 
number 2, and indicate relatively small scale or cellular structures 
by their high number of nodal parallels (n-m). 

With the presence of elevated heat and cold sources, the 

(2.0) and (1,0) harmonics of TlO-8 in run 3 still remain as the 
first two leading components , wi tb little higher amplitude than in 

2 . Furthermore, the (3,0) term, absent in 2, becomes the 3rd 
leading harmouic of run 3, its phase angle of 180 degrees reflecting 
colder temperatures in the northern polar region as well as warming 
in the Himal ayas . However , the high temperature in this region is 
mainly due to the extrapolation from the surface temperature, as 






dilcusted earlier. TLe influence of the colder elevated Siberian 


high la alao aeen in the Increaaed nagnltude of the (1,1) harmonic 
The laat 2 componenta of run 2, (3,3), and (3.1) . are now replaced 
in run 3 by (4.1) and (S.2). Finally, the 7th harmonic of run 2, 
(4,2) .is replaced by a (5,4) harmonic, which indicates a more 
irregular or cellular temperature diatribution in northern high 
latitudes . 
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Horizontal fiolda (part 11) 
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Although the aeoalble beat fluz of ran 3 (fig. 3a) (enerally 
•howB a alfflllar pattern to that of run 2 , the difference and 
Blcnlflcance aapa (fig. 3n ) do reflect the differences dlacussed 
la the contest of the SAT. For esample. the northward aovement of 
the cold Siberian high results In more sensible heat flus over 
northern Japan, while a dramatic and significant reduction takes 
place In the Bering Sea and Alaska, where relatively warm southerly 
flow now comes from the Aleutian low. For the same reason . the 
relatively warm onshore advection from the Pacific ocean has also 
reduced the sensible heat transfer over eastern China and north of 
India. 


In western hemisphere, a slight but significant increase 

of heat flus can be found on the New England coast and northeast of 
Hudsons Bay. Surrounding Iceland , a highly significant drop of 
sensible heat transfer is seen. This can best be explained by 
comparing the surface winds of both runs (fig- 3f) in the region 
around latitude SON. Briefly. a generally southerly warm air flow is 
found south of Iceland in run 3 compared with the mainly zonal 
westerlies and weak northerly flow of cold air from Greenland in 
run 2 . 


A significant increase of the sensible beat flux in the low 
layers is also seen over the region of the White Sea in northwestern 
USSR .The cold low south of the Gulf of Alaska discussed earlier 
also shows a significant increase of appreciable amount from the 
oceanic region. A generally insignificant Increase of sensible beat 
in the northern part of South America and a decrease in the central 
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pari are found .Tbia la related to the aoutheard ablft of the 
ralnbelt in South Anerlca reaultlng from topography .which will be 
diacueaed later. 

Relatively email but aignificant increaaea of aenaible beat 
flux are found in the oceana weat of Chile and South Africa, and are 
alao Been in the zonal profile (fig. lb). Tbia appeara to be due to 
the flow of cold air around the eubtropical higba .which ia now 
diverted toward the ocean by the Andea and the higblanda of aouthern 
Africa. Finally, a aignificant increaae of aenaible beat flux can 
alao be found over the elevated Antarctic continent. 

Figure 3m sbova the map of mean dally evaporation of 
run 3. while the mean meridional profile ia aeen in figure Ih. As in 
the profile of run Z (in the same figure), high evaporation is found 
in run 3 between latitudes 35N and S. while the high northe.*n 
latitudes show stronger evaporation than the corresponding latitudes 
In the Southern Hemisphere mainly due to the vigorous transport of 
cold dry air from the continents to the adjacent oceans. 

The difference and significance maps of evaporation (fig. 

3o) reflect many of the features discussed earlier. Increased 
evaporation is found to the vest of the southern continents and 
farther extended Into the oceans along about latitude 2SS. This 
increase can be explained by the surface winds of run 3 (flg.Sf) 
in which stronger wind can be found over the region of Increased 
evaporation. This is particularly evident off the coast of Chile. 

The Himalayas complex also creates an Irregular 
evaporation pattern, as can be seen from the significant positive 
and negative differences in the northern Indian ocean. A careful 
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•xaBlD*tloo of iho 8LP sap of roo 3 to tbo rofloo abova a aoall blfb 
praaauro araa in iba Arabian 8aa. 8urfaco vinda ara enabora in 
vaaiaro India In run 3,ableb la earialnly unraallatlc coaparad to 
run 2 wbara iba flow la offabora. On iba otbar band, iba Ineraaaa of 
avaporatlon north of Japan and tba dacraaaa to Ita aoutb ara 
aipactad raaulta of tba northward ablft of tba 81barlan blfb. In 
addition, thara ara aany local ragiona wbara tba avaporatlon 
diffarancaa ara significant: for aiam,>la. In the cold low south of 
the Culf of Alaska, and with amallar oagnltuda. In tba Gulf of 
Mexico as well as southwest of the Canary Islands. Finally, 
decreased evaporation south of Iceland and also In the Bering Sea 
are due ,aore or less, to the same cause as discussed with respect 
to the seuslble heat flux dlfferen'^e. 

In figure 3p,lt appears that high elevation of Antarctica has 
Induced more low cloud cover in run 3. The difference and signific- 
ance naps (fig. 3q ) also reflect more than a ?0 percent Increase of 
low clouds there . Fur thermore , they reveal many large and small scale 
regional differences. The Increase of evaporation In the South 
Pacific and Indian Oceans between lOS and SOS noted above also 
results in a significant Increase of low cloud cover. Somewhat lees 
significance Is associated with the low clouds in the South 
Atlantic. 


Highly s.lgnlflcant Increases of cloud cover can be seen 
over the ocean vest of Mexico and in the Arabian Sea, with Increases 
of 30 percent or more. The posit We different' es over eastern China 
and significant negative difference of low cloud to the north onc« 
again demonstrate the Influence of the Himalayas. Over Afghanistan, 
the Incorporation of orography seems to suppress the formation of 
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lo« l«v«l cloud* vbllo •Igolficanily ou bandog ib* Blddl* and bigb 
c 1 oud ■ . 

It ia Intarastlng to •** a large area vlib illgbt Increasca 
of lo« cloud cover (6 percent or sore ) , but ntlll blgbly 
significant, around northern si d - 1 a 1 1 1 ude s from tbe UlssiBslppi 
valley across tbe Atlantic Ocean and tbrougb tbe lied i terranean Sea 
to tbe Caspian Sea. Similarly, another band can be seen extending 
from Japan across most of tbe Pacific along 40N. 

The mean daily precipitation of run 3 is shown in figure 3p. 
In South America , the Nf-SE oriented rainbelt of run 2 is now 
changed to a more longitudinal direction, and the northern part of 
the maximum rainfall region is now shifted south-westward over the 
Andes of Peru. This migration of heavy precipitation is best illus- 
trated in tbe difference and significance maps (fig.3r) and also in 
tbe zonal precipitation profile (fig. 31). Difference of more than 
7mm daily rainfall due to the orographic effect can be found on 
both the vest and east elevated regions. Apparently, tbe Andes 
Mountains have blocked the dry subsiding air from tbe subtropical 
high vest of Chile from penetrating Inland. This can be verified 
by comparing tbe surface winds of run 3 and 2 in figure 3f 

Increased daily precipitation is also found along tbe 
African highlands and a slight but significant increase of rainfall 
can be seen extending to the South Atlantic Ocean. For much the 
same reason, the area of heavy rainfall has moved both westward 
and eastward to tbe higher elevations in Australia. In general, 
small but significant decreases of precipitation in run 3 are 
found over southern tropical oceans. 


Over ••liero Cblo* , • dreaeiic iDcreai* of proclpltotioo 
io ocoD •••ooioiod vlth ibo Dortbvord rotroat of tbo SlborlaD bifb 
Botod boforo. Tbla area baa oaporloncod ao onabora aurfaca wind 
•bleb advacta vara aoiat air froa tba Pacific Ocaaa. A Bigni- 
flcaat iDcraaaa of total cloud covar la alao fouod. locraaaad avapo- 
ratlOD to tba aortbaaat of Nao Culaaa and aobancad orofrapblc uplift 
bavc locraaaad tba aaouot of prac Ip 1 ta 1 1 on lo that araa. 

Other tb/iD tba locraaaa of praclpltatloo ovar Inalaod.abara 
atroo£ lov laval coovargeoca occurred In run 3. there la no viaibla 
effect of topography on the coaputad precipitation over North 
America and Europe In the coarae-aeah modal. 

Werldional c r o a a - ae c t 1 on s 


Figure 3s dlaplays the temperature c r o a a - aec 1 1 on of run 3 
which la qualitatively almllar to that of run 2. In Boat of the 
troposphere outside of the high latitudes of the Northern Heal- 
aphere the difference and algnificaoce cr o a a - aec 1 1 on a (flg.St) show 
algniflcant varaing due to the elevated heat aource. For example, 
over Antarctica . increases of more than 3 can be found in 
the tropoBophere and stratosphere. Furthermore, the thermal 
Influence of the Andes and African highlands can be seen above SOOab 
in the southern tropics around 27S as well as at 4N. but with a far 
smaller contribution from the central African highland. The elevated 
cold sources of Siberia and Canada, as well as the northern ice 
cap. as discussed earlier, are also reflected 1l the colder zonal 
mean temperature of the lower troposphere. 

In the subtropical latitude band of the Northern Hemi- 



spbar*. tb« •ffect of tbo HiBolayoo eoaplox ootod boforo Is aloo 
looo . vlib ioaporoturoi Boro tbao 3 *C varBor at tbo aarfaca 
Id iba dlffarasea croai-aaetlen . Hoaavar, coldar (Bagatlva) 
taoparaiuraa of 1.6 *C ara found in iba low atraioapbara abova. 

Ad loporiaDl rola playad by tba Bountalna, aa ravaalad lo 
tbe temperature diffarenea and aigniflcaDca cr on a- aac t i ona . ia tba 
generation of blgbly algnlflcant warming in tbe atr atoapbara , 
aapeclally over tbe northern polar region vbere Increaaea of 10 
*C can be found. A atrong aacendlng column .wblcb slant a. 
northward at higher alltltudea into tbe atr atoapbere , la found at 
66N near the aurface In tbe vertical velocity cr oaa - aec 1 1 on of run 3 
(which will be dlacuaaed later ). aaaoc 1 ated with tbe Aleutian and 
Icelandic lows. A conalderable amount of beat muat have been trana- 
ported upward to tbe polar atratoapbere to cauae tbe warming. 

Tbe cross-section of zonal wind for run 3 (fig. 3s) sbows a 
pattern similar to that of run 2, except that tbe region of equato- 
rial easterlies now extends southward to 23S. Prom tbe difference 
and significance cr o s s - sec 1 1 ons ( f Ig . 3u ) , tbe easterly circulation baa 
weakened In tbe northern equatorial atr atoapbere . wb 1 le strengthening 
significantly (by 6 m/sec) at lOS. 

It may be helpful to compare tbe difference cross-sections 
of temperature and zonal wind through tbe thermal wind relationship. 
For instance, warming of tbe polar stratosphere in both hemispheres 
has significantly reduced the westerlies In those regions. Tbe 
relative warming of tbe equatorial stratosphere together witb 
cooling at 35N have strengthened the westerlies significantly by as 
much as 12 m/sec over 16N In the stratosphere. Similarly, the 
thermal Influence of the southern continents results In a slight 


locrvait of ibo «oit«rlloi (by 8 b/ooc) ovor Biddlo latliudoB of ibo 
■ootboro >tr •toipboro . 


Tbo Borldlonal wind eroaa-aaetloa of ruo 3 la dlaplayad Id 
flcora 3v. Aa ootod aar 1 lor . airoof BoridlODal flow paitaroa ara 
fouod Id Biddla aDd bi(b Doribara lalltadaa Id roD 3. Howavar, ODly 
a vary aeall. or oaarly zaro, aarldloDal coapooaDt la aaao Id tba 
er OB a - toc 1 1 00 dua to tba poaltlva aod Dafatlva caocal latloD . Id tba 
tropica, tba trada vloda at low lava la aod tba dlvareanca >%loft ara 
Bora cooalatant and wall daflDod ,aa llluatratad Id tba 
cr o a a - aac t i od . Aa coopared to run 2, tba Hadlay calla of ruo 3 
(aapaclally the aoutbern call) abov mora IntaDae circulation and 
alao oKtand to bigbar atratoapbar ic lavala (aaa tba vartically 
alongated pattern above 2SS) including the atrongeat meridional wind 
regiona of both calla. PurtbarDora. tba ITCZ at bigbar lavala baa 
ablfted a few degreaa aoutbvard. All tbeae feat urea can be aean In 
tba difference and algnificance croBa-aectiona (fig- 3«). 

In tba lover stratoapbere below ZOOmb at 39N, a poaitlva 
difference of meridional circulation can be found .while at the 
aurface, run 3 abowa a more northerly component. High SLP in the 
Arctic alao creates a northerly component at tbe aurface compared 
with tbe surface wind of run 2. 

Prom the vertical velocity cross-section of run 3 (fig.3v),it 
appears that tbe Andes and African bigblands have shifted tbe 
southern ascending branch from 12S in run 2 southward to 20S in 
run 3, with strongly enhanced rising motion. Consequently, strong 
subsidence is found to the south at 35S. In tbe northern 
counterpart, tbe ascending branch has weakened, but remains located 




•t 4N. Again, ib« diffnrnocn nnd nlgDlflenDct crona-anci loot (flf. 
Ss) raflaci ibaaa faaturaa. Sirongar rlalng Boilon la found at 4S 
abova 300ab. Tbla togatbar vltb tba airongar aacandlng aotlon In * ba 
aoutbarii Hadlay call nay poaalbly ba ralaiad to tba aaralng of tba 
tropical atratoapbara (alao aaa tba narldlonal wind cr oaa - aac 1 1 on ) . 

Tba tbaraal Influanea of tba Hlnalayaa conplax ban 
apparantly naparatad tba daacandlng branch of tba nortbarn Hadlay 
call froo a Bid tropoapharlc alnklng a t r aam . aaaoc 1 a tad wltb tba cold 
blgb SLP to tba north of tba mountain conplax. 

Around latitude 67 In both bam 1 apbara a , r a 1 a 1 1 va ly waak 
aacandlng motion can be found with correapondlng aubaldenca at tba 
polaa, especially in the northern aacandlng branch. as mentioned 
earlier, is related to the polar stratosphere warming in run 3. Two 
regions of maximum riking notion can be found, one in the low level 
convergence and the other above SOOmb fa'‘tber north. 



SoDBary and ceBelaaloBB 


From iba raaulia of iba two valar plaaai asparlBaDia, 
ibara ia apparaoily bo sajor larga acala dlffaraaea baiwaaB tbe 
two roBB. FortbarBora. iiia Bodal aaaaa to ba capabla of faoarat- 
lo£ a ataady cllaatlc aiata 1 b OBly a faw alaulaiioo aoBiba 
froB aB iBtial aiata of aaro aotioo, aa cao ba aaao from tba laat 
tbraa aEperlBaota. lo tba laat roo.altb topography Includad.tba dry 
lolilal aiata cauaad a radlati%a coollog affaet io > polar 
ragion of iba wiBiar baolapbara 1 b tba firat faa Booiba. Hoaavar, 
iB tbla run alao , a quaal-ataady cllBatic ataia ia raacbad aftar- 
ward. Tber e f ora , iba lolilal condlilooa aaao io ba a Blaor problam 
lo a clloaia alBulailoo. 

Aa aipaciad froB iba forcing by Eonal ayBBairlc aurfaca 
boundary condlilooa , In iba aaiar planet run all Bean varlablaa 
abov a predoBinanily zonal ayBBairlc cbaracier, as conflrBcd by 
ibe leading iaraa of ibe apberical barBonic analyais. An ITCZ, 
alib a band of boiIbub precipitation and airong upward vertical 
velocity Is found over 4N vbare ibe SST is a BailBUB. This 
precipitation peak agrees very well with ibe Bosi recent 
eatiBaies of ibe obaerved precipitation over ibe Pacific Ocean. 
FuriberBore, the water planet zonal Bean profile of SLP Is very 
close to tbe observed climatological profile in tbe tropics. 

In run 2. through strong sensible beat flux, augmented 
by latent beat released, contlneats act as regional beat sources 
in the tropics and in tbe aummer bemlspbere. In contraat. high 
albedo snow extends southward to SON over northern high latitude 
continents, which serve as large scale beat sinks. Dynamically. 
Bonsoonal Bass exchange takes place between tbe cold (warm) coni- 




lB«Dti and the warn (cold) adjacant ocaana. accompaalad by low 
eload formaiiOD daring iha aicbanga proeaaa. Howavar, iha zonal 
naan saa laval praaaura profila of ibia flat dry eonilnani model 
diffara only allghily from that of iba waiar planai. In addltloa, 
tba 600 mb flow paitarn of run 2 alao abowa a pradominant ly zonal 
circulation. Tbua.tbe affacta of tba zaro alavatlon dry contlnenta 
aaem to be confined to tbe lower tropoapbere. 

In the flat continents run, tbe aoutbern continents induce 
a second Hadley cell and ITCZ in tbe southern tropics, and cause 
strong easterly flow to appear in tbe equatorial region. Further- 
more, the heated continents of the model have a desiccating effect 
on the precipitation. The band of maximum precipitation at 4N in 
the water planet is reduced sharply in run 2, and tbe heaviest 
rainfall is found over South America and the equatorial region of 
Africa. 

In run 3, with orO|>:^aphy included, the elevated terrain 
produces a colder surface air temperature in high latitudes of 
Eurasia and North America. Consequently, intense ccntinental 
high sea-level pressure centers build up and move closer vo their 
observed positions in tbe Northern Hemisphere, although in some 
cases these "corrections" are excessive. On the other hand, the 
elevated heat sources provided by the southern continents streng- 
then the Hadley circulation unrealistically in the Southern Hemi- 
nphere, and result in generally lover sea-level pressures than 
cither observed or generated by tbe previous runs. 
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Proffl the Deao tcmpcraiur* dlffarenca croaB-aaetlon , It it 
alao appareot that the BouDlaiDoua tarraln aiarta a ceoaidarable 
and alcnlficaot affect on iba aodal'a atratoapbara . Tba ald-irop- 
oapbarlc circulation ganaratad wltb tba aountalnoua nodal alao 
generally aboaa a nora naridlonal pattern and irregular, diffluent 
atructnrea than that of tba flat continent run.Tbe preaence of be 
Hlnalayaa complei, tbe Andea, and tbe African bigblanda do have 
noticeable effects on tbe praclpitation in these regions, but 
aloost no effects are found over North America or Europe in the 
coarse-mesb model. Finally, none of tbe three runs generates tbe 
su b - An t ar c t i c low found in nature. 
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T8-7 : (Top) Mean difference for run 3 
(Bottom) Significance level 
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